Abstract: Radical copolymerization of 4-vinylbenzocyclobutene (VBCB) with styrene (St) afforded the copolymer (4-vinylbenzocyclobutene-co-styrene) (VBCBSt). Reaction of VBCB-St and divinyl tetramethyl disiloxane-bisbenzocyclobutene (DVSBCB) gave the oligomer (VBCB-St-DVSBCB), which was subsequently subjected to the cure reaction. The structures of VBCB-St and oligomer (VBCB-St-DVSBCB) were characterized by FTIR and 1 H NMR, which are in agreement with the proposed structures. Molecular weights of the synthesized polymers were estimated by gel permeation chromatography (GPC). Differential scanning calorimetry (DSC) showed that VBCB-St exhibited glass transition temperature (T g > 95 o C) however it is not the case for the oligomers (VBCB-St-DVSBCB). TG measurements indicated that the polymers had the good thermal stability with decomposition temperatures (T D > 370 o C). The polymer resin possessed good film planarization in the AFM images and the process of oligomer curing on a wafer without fusion and flow. These results indicated that the oligomer (VBCB-St-DVSBCB) is a promising film material with a relatively low cost.
Introduction
Benzocyclobutene and its derivatives can be used as useful starting material for organic synthesis and as polymer monomer [1] . Benzocyclobutene resins are also a type of high performance polymer materials and have been a hot research topic in material fields due to their excellent properties such as low dielectic constants, low dissipation factor, low moisture pick-up, high film planarization and good thermalstability [2] .
Benzocyclobutene is a reactive intermediate which can react either with itself or the appropriate dienophiles to give the corresponding Diels-Alder products under appropriate temperature [3, 4] . When heated to approximately 200 o C ( Fig.1) , BCB 1 opens the cyclobutene ring and forms a highly reactive o-quinodimethane intermediate 2.
If dienophile is present, this intermediate can react to form stable Diels-Alder adducts 3. On the other hand, intermediate 2 can also form an unstable spirodimer 4 which rearranges to polymer. The BCB group also can be incorporated into polymers through other functional groups to provide reactive sites [5] . Several reports on BCB have been presented that 4-vinylbenzocyclobutene is reacted with styrene or methyl methacrylate to obtain the copolymer via atom transfer radical polymerization. The copolymer can also react with itself or dienophiles [6] [7] [8] [9] [10] .
As part of our long-term interest in benzocyclobutene [11], we would like to describe herein the synthesis of a reactive polymer containing benzocyclobutene moiety in the side chain and its Diels-Alder reaction with DVSBCB 5, which was finally applied on the cure reaction to obtain polymer resin (Scheme 1). The performances of the products obtained from Diels-Alder reaction of different comonomer ratio of 4-vinylbenzocyclobutene (VBCB) with styrene (St) were detected.
The resulted high performance resins may be useful in thin-film coatings in microelectronics, structural composites, or to modify thermoplastics.
Results and discussion

Characterization of VBCB-St
Identifying features in the 1 H NMR spectrum of VBCB-St in deuterated chloroform (Figure 2 ) include the phenyl protons between 7.4 and 6.0 ppm, and the signals for the aliphatic protons (-CH 2 ) at 1.8~1.0 ppm. It is noteworthy that the factual comonomer ratio of VBCB with St in VBCB-St (1) is 1:3 and the factual co-monomer ratio of VBCB-St (2) is 1:5. However, the primary co-momomer ratios of VBCB-St (1) and VBCB (2) are 1:2 and 1:4, respectively. M n , and M w /M n of VBCB-St (1) were estimated by gel permeation chromatography (GPC) were 7.027 e+3, and 1.470. Whereas, M n and M w /M n of VBCB-St (2) were 5.766 e+3, and 2.090, respectively. 
Fig. 5. DSC analysis of oligomers (VBCB-St-DVSBCB) (1) and (VBCB-St-DVSBCB) (2).
With the temperature increasing, the intensity of the peak at 1473 cm -1 reduces and the peak at 1499 cm -1 increases. The oligomer (VBCB-St-DVSBCB) also forms an unstable spirodimer, which can decompose to a polymer resin. At the same time, we can find that the peak at 1473 cm -1 did not disappear completely, which indicated that under the condition of FTIR-on line, in the polymer there were still traces or little amount of four member ring. 
Characterization of Polymer Resin
It is found from Fig. 7 that all the polymers possess excellent thermal stability. The initial decomposition temperature (the temperature where the weight loss exhibits 5 wt%) of polymer resins (1) and (2) 
Conclusions
In this work, VBCB-St, oligomer (VBCB-St-DVSBCB) and polymer resin have been synthesized successfully, and their structures were characterized and confirmed by (1) and polymer resin (2) are similar and they possess excellent thermal stability. Polymer resins also possess good film planarization. At the same time, we did not find the fusion and flow during the heating polymerization process. These results indicated the oligomer (VBCB-St-DVSBCB) could be used as a film material with good planarization.
Experimental part
Reagents and Analytic Techniques
Styrene (St) and 1,3,5-trimethylbenzene were purified with distillation under reduced pressure. A,A'-Azobis(isobutyronitrile) (AIBN) was purified by recrystallization from methanol. Divinyl tetramethyl disiloxane and 4-vinylbenzocyclobutene (VBCB) were purchased from Acros reagents and chemtarget in Mianyang of China, respectively. Divinyl tetramethyl disiloxane-bisbenzocyclobutene (DVSBCB) was synthesized according to literature [12] . In a typical experimental procedure, 0.312 g (3 mmol) of St, 0.195 g (1.5 mmol) of VBCB, 0.01 g (0.06 mmol) of AIBN and toluene (5 mL) were placed in a polymerization tube with a magnetic stirrer. After three freeze-pump-thaw cycles, the polymerization tube was sealed under N 2 at 76 o C for about 40 h. The reaction mixture was poured into methanol to isolate a white precipitate which was dried in vacuum to give VBCB-St (1) with the yield of 92%. VBCB-St (2) was synthesized by the reaction of St (0.416 g, 4 mmol), VBCB (0.13 g, 1 mmol), AIBN (0.01 g, 0.06 mmol) in toluene (5 mL) using similar procedures as VBCB-St (1). The yield was 91%.
-Diels-Alder Reaction of VBCB-St with DVSBCB A mixture of VBCB-St (1) (0.07 g), 5 (0.07 g) and 1,3,5-trimethylbenzene (5mL) was placed in a polymerization tube. After three freeze-pump-thaw cycles, the mixture was stirred at 178 o C for about 72 h under N 2 condition. The reaction mixture was poured into methanol to isolate a white precipitate and it was dried in vacuo under 60 o C to give the Diels-Alder product oligomer (VBCB-St-DVSBCB) (1) with 95% yield.
Oligomer (VBCB-St-DVSBCB) (2) was synthesized by the Diels-Alder reaction of VBCB-St (2) (0.07 g) and 5 (0.07 g) in 1,3,5-trimethylbenzene (5 mL) using similar procedures as oligomer (VBCB-St-DVSBCB) (1). The yield was 95%.
-Cure Reaction of Oligomer (VBCB-St-DVSBCB)
Oligomer (VBCB-St-DVSBCB) (1) and oligomer (VBCB-St-DVSBCB) (2) were placed in a polymerization tube. After three freeze-pump-thaw cycles, the polymerization tube was sealed under N 2 and heated at 200 o C for 5 h. Polymer resin (1) and polymer resin (2) were obtained.
